The compositional variability of the essential oils of aerial parts of mugwort (Artemisia vulgaris L.), collected from fifteen wild populations in Lithuania is detailed. The most predominant components were davanones (13.8-45.5%, six oils), germacrene D (9.1-30.5%, four oils), 1,8-cineole (16.4%, one oil), camphor (18.9%, one oil), trans-thujone (8.9 and 10.9%, two oils) and cis-chrysanthenyl acetate (10.4%, one oil). To the best of our knowledge, the davanone chemotype for A. vulgaris oils is described for the first time. The toxicity of the mugwort essential oils was determined using brine shrimp (Artemia sp.) assay. LC 50 values (10.3-23.1 µg/mL) obtained for the oils after 24 h of exposure revealed that the oils containing appreciable amounts of germacrene D, 1,8-cineole, camphor and davanone were notably toxic.
Artemisia vulgaris L. (commonly known as Mugwort) is a perennial herb wide-spread throughout temperate regions of the Northern Hemisphere. It grows along roadsides, river banks, in waste areas, very often forming dense colonies. The plant is also known as an aggressive weed. A. vulgaris exhibits wide morphological and physiological variability. Fresh plants have a strong odor, and a spicy-bitter taste. Historically, the plant has been used as an herbal remedy, and for flavoring purposes. Literature data indicate a long list of principal constituents of the oils (Table 1) [1-24, and therein cited]. Allelopathic, antimalarial, anthelmintic, antifungal, antimicrobial, insecticidal, antioxidant, cytotoxic and other properties have been described [3, 7, 8, 16, 19, [22] [23] [24] [25] [26] [27] [28] . Previous limited studies of the oils from mugwort grown in Lithuania were rather fragmentary [6] , and there are non detailed studies on the toxicity and composition of A. vulgaris oils of this origin.
In this research, quantitative and qualitative compositional characteristics of A. vulgaris oils were evaluated chromatographically (GC-MS and GC(FID)). In total, up to 60 compounds were identified in the oil samples, and twenty-eight of them were found in amounts over 3.0% (at least in one sample). The principal chemical composition of mugwort oils is presented in Table 2 (total 15 samples). Data of toxic activity of the oils obtained by brine shrimp larvae tests are shown in Table 3 .
Two isomers of the sesquiterpene ketone davanone (davanone and davanone B, Figure 1 ) were the main constituents (ranging from 13.8 to 45.5%) determined in six oils (A-F samples, Table 2 ). To the best of our knowledge, A. vulgaris oils of davanone chemotype are described for the first time. The second or third major compounds were camphor (≤22.1%), germacrene D (≤20.9%), 1,8cineole (11.9%), trans-thujone (9.9%), cis-chrysanthenyl acetate (6.5%), and sabinene (≤6.1%). Toxic activity of these oils (A-F) expressed by LC 50 values ranged from 13.1 to 23.1 µg/mL. The most toxic were oils B, C and D (Table 3) containing as major constituents davanone B, germacrene D, camphor and sabinene. Predominance of germacrene D (9.1-30.5%) was characteristic of four oils (G-J). Caryophyllene and its oxide, davanones, sabinene and 1,8-cineole were the second or third main compounds. Toxic activity of these oils (G-J) ranged from 10.3 to 22.1 µg/mL ( Table  3 ). The most toxic oils, G and H, were rich in germacrene D and davanones. The other samples (K-O) were characterized by the following first major constituents: 1,8-cineole, camphor, transthujone and cis-chrysanthenyl acetate. These oils exhibited LC 50 values from 13.1 to 22.1 µg/mL in Artemia sp. nauplii lethality tests ( Table 3 ).
The mugwort oils exhibited moderate to strong toxic activity in this study. No information was found about strong toxicity of davanone, itself or oils rich in this sesquiterpenoid. On the contrary, it is well known that davana oil (obtained from A. pallens Wall.) containing about 40% of davanone showed no significant toxicity and was approved for food uses. There are some reports concerning toxicity of volatile oils rich in germacrene D; the leaf essential oils of Talauma gloriensis with the most abundant component germacrene D (43.5%) have exhibited notable brine shrimp toxicity (LC 50 =14.1 µg/mL) [29] . Data concerning common toxicity of thujones varied from moderately weak to strong. This ketone is very toxic to human and animal brain, liver and kidney cells at higher doses [30] [31] [32] . Tests of A. spicigera oil containing cis-chrysanthenyl acetate (24.0%), camphor (21.0%), and 1,8-cineole (13.9%) displayed weak toxicity towards brine shrimps [33] . However, not only major analytes of the oils play a principal role in toxic activity, but the impact of less abundant constituents should be considered also.
Experimental

Plant material and oil isolation:
Artemisia vulgaris plants (up to 1.0 kg) were collected at the flowering stage (July-August, during several years) from 15 populations in Lithuania (Kursiu Nerija, Mazeikiai, Kretinga, Kelme, Rokiskis, Panevezys, Prienai, Varena, Svencionys, Ignalina, Elektrenai and Vilnius districts). Plant material was dried at room temperature (20-25°C). Voucher specimens have been deposited in the Herbarium of the Institute of Botany (BILAS). The essential oils were prepared by hydrodistillation (2.5 h) of air-dried material in a Clevenger-type apparatus according to the European Pharmacopoeia. The yields of Table 1 : Previously reported main composition (≥5.0%) of essential oils of mugwort (Artemisia vulgaris) grown in different countries *. Egypt (Giza) [21] Fresh aerial parts, cultivated Thujone 36.9 Egypt [22] Commercial mugwort oil -Thujone 65.5, camphor 13.6, -thujone 9.0 Moroccan origin [7] *Data published in the past fifteen years; American, European, Asian, and African countries listed in alphabetic order. the yellow oils, with a strong characteristic odor, ranged from 0.1-0.3% (v/w, on a dry weight basis).
Plant material Principal constituents, % Origin, Reference
GC(FID) analysis:
Quantitative analyses of the essential oils were carried out by GC on a DB-Wax capillary column (polyethylene glycol 30 m x 0.25 mm i.d., film thickness 0.25 μm) using a Perkin-Elmer Clarus 500 chromatograph equipped with a FID. The oven temperature was programmed from 60°C to 280°C at a rate of 3°C/min. Injector and detector temperatures were 250°C; carrier gas helium (1 mL/min); split 1:60. At least 2 repetitions (n2) per analysis were performed.
GC-MS analysis:
Analyses were performed using a chromatograph Shimadzu GC/MS-QP2010 and equipped with a capillary column DB-5 (5%-phenyl)-methylpolysiloxane capillary column (50 m x 0.32 mm x 0.25 μm). The GC oven temperature was programmed from 60ºC (isothermal for 2 min) to 160ºC (isothermal for 1 min) at a rate of 5ºC/min, then increased to 250ºC at a rate of 10ºC/min, and the final temperature was kept for 3 min. The temperature of the injector and detector was 250ºC. The flow rate of carrier gas (helium) was 1 mL/min, split 1:40. Mass spectra in electron mode were generated at 70 eV, 0.97 scans/second, mass range 35-650 m/z. Qualitative analysis was based on comparison of retention indexes on both columns, co-injection of some terpene references and C 8 -C 28 n-alkane series; and mass spectra with corresponding data in the literature [34] and computer mass spectral libraries (using GC/MS solution v. 2.71 software from Shimadzu and Wiley).
Toxicity test: Toxicity of 15 samples of mugwort aerial parts (inflorescences and leaves) essential oils was tested in vivo, using brine shrimp Artemia sp. (larvae) [35] . The eggs of shrimps hatch within 48 h to provide larvae (nauplii) in sea water (31g/L sea salt) at 20-25°C. After, different concentrations of the essential oils dissolved in dimethyl sulfoxide (DMSO) were added, and survivors were counted after 24 h. Lethality (LC 50 ) of nauplii was calculated (n≥4, with 95% confidence interval); control tests were performed with DMSO.
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